Introduction
For a long time, the conventional triaxial test has been used as the main test method to study the characteristics of soil. However, in the conventional triaxial tests, the sample can only be applied principal stress in two directions, so that the soil is always in a state of axisymmetric stress. It can only reflect the strength and deformation under axisymmetric stress while ignoring the influence of intermediate principal stress, so that it cannot describe the strength characteristics of sand in true 3D state preferably [1] [2] . In order to overcome this defect, the true triaxial test is developed [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Three principal stresses can be applied independently in the true triaxial tests, and the influence of different principal stresses on the strength of soil is analyzed. Therefore, the actual stress state of the soil can be modeled more accurately, which is helpful to study the 3D strength and constitutive relation of soil.
Shanghai silty sand mainly consists of silt and silt-sand, mingled with a small amount of clay. There is no obvious critical state line in this sand, so it has a typical researching significance. In order to investigate the effect of intermediate principal stress on strength of silty sand, a series of true triaxial tests of Shanghai silty sand under different intermediate principal stress coefficients are performed.
True Triaxial Tests of Shanghai Silty Sand

Test Instrument
The true triaxial instrument used in this test is the flexible triaxial instrument jointly developed by Tongji University and the Shanghai thinker Intelligent Instrument Technology Co. Ltd. The loading method is that the major principal stress is applied by the loading platform; the intermediate principal stress is applied on the flexible water bag through hydraulic cylinder driven by a stepper motor; the minor principal stress is provided by the air pressure from the pressure chamber. The biggest advantage of this instrument is that the rigid plate is replaced by the flexible water bag, which would eliminate the edge effect. In addition, the use of high-precision GDS automatic control device can improve the control accuracy of the intermediate principal stress. This instrument can carry out true triaxial tests under isotropic consolidation, non-isotropic consolidation and different principal stress ratios.
Sand Preparation
The soil samples used in this experiment were taken from Shanghai shipbuilding base in Changxing Island, which is widely distributed in the Yangtze River estuary area and used as foundation filling material. The sand gradation range is 0.025~0.1 mm, the uniformity coefficient C u = 0.15, the relative density of particles is 2.65, the maximum and minimum dry density are 1.57 g/cm3 and 1.25 g/cm3 respectively. In the tests, the soil samples were prepared into cubes with a dimension of 120 mm× 70mm×70 mm.
Test Program
The true triaxial tests were performed both under the condition of isotropic consolidated-drained and isotropic consolidated-undrained. Under the drained condition, the consolidation pressure p 0 is 50,100,150 kPa respectively and under the undrained condition, the consolidation pressure p 0 is 50 kPa. At the same time, the different intermediate principal stress σ is the major principal stress, 2 σ is the intermediate principal stress, 3 σ is the minor principal stress. The intermediate principal stress coefficient b remained constant throughout the shearing process. The parameters of the tests are shown in Table 1 . 
Test Result Analysis
(1)Results of the true triaxial drained test The curves for stress versus major strain are as shown in Figure 1 . Under true 3D stress condition, the deviatoric stress peak value increases with the initial confining pressure, while the relationship between the deviatoric stress peak value and the intermediate principal stress coefficient b is complex. It is shown that the peak value increases with b when b changes from 0.0 to 0.50. While when b = 0.75, the peak value decreased. When b = 1, the peak value has rebounded, but is still lower than the value of b = 0.50.
(2)Results of the true triaxial undrained test The curves for deviatoric stress q versus major strain 1 ε at P0 = 50kPa are as shown in Figure 2 .
As can be seen from this figure, the deviatoric stress peak value does not always increase with the increase of initial confining pressure. The peak value would increases with b when b changes from 0.0 to 0.75. While when b = 1.0, the peak value would decreased. In Figure 3 , the results show that the pore water pressure would initially increase and then decrease. In order to study the influence of intermediate principal stress on strength parameters of sand,a large number of true triaxial tests have been performed by scholars, and some test results have been obtained. In Figure 4 , the b ϕ -b curves of true triaxial tests in this paper are compared with the previous results [14] [15] [16] [17] [18] , where b ϕ is the peak value internal friction angle corresponding with the intermediate principal stress coefficient b. It can be given as: Under drained condition, the value of b ϕ can be taken as the averaged one of the three groups with different confining pressures. It is shown that the test laws of Shanghai silty sand under undrained condition are similar with that of Lade and Duncan's tests [6] . It is also shown that both of the peak value of internal friction angles would increase with the increasing of the intermediate principal stress from the minor principal stress, and then would decrease slightly when the intermediate principal stress is close to the major principal stress. However, under the condition of drainage, the test laws are slightly different. When the peak value of internal friction angle decreases to a certain extent, there is a rebound at b = 0.75, while the overall trend is similar to that of the undrained tests.
Lade and Wang performed a series of true triaxial undrained tests [19] on Santa MonicaBeach sand with different relative densities and obtained the variation laws of the major strain 1 ε with the intermediate principal stress coefficient b at the time of failure, as shown in Figure 5 . As can be seen from this figure, when Santa Monica Beach sand arrives at failure, the maximum principal strain can be obtained when the intermediate principal stress is equal to the minor principal stress. With the increase of b, 1 ε decreases gradually. When the intermediate principal stress is close to the major principal stress, 1 ε would first increase and then decrease. By comparison, it is found that the variation laws of the major principal strain in drainage tests is consistent with that of Santa Monica Beach sand when the sand arrives at failure. The major principal strain curve is gentler when the sand reaches the failure state in the undrained tests. With the increase of b, it gradually decreased to a certain extent, but the change was not significant, and there was only a slight increase when the intermediate principal stress near the major principal stress. 
Conclusions
The strength characteristics of silty sand are closely related with intermediate principal stress. When the initial density and confining pressure are constant, the strength of silty sand would be different under different intermediate principal stress coefficients. However, the strength does not always increase with the increase of the principal stress coefficient. Generally speaking, with the increase of the intermediate principal stress, the strength of the sand would increase firstly, while when intermediate principal stress is close to the major principal stress, the strength of the sand would decrease slightly.
